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Abstract 
Researchers working in the field of materials are concerned with issues such as sustainability 
and ecological protection. Therefore, interest is towards environmental friendly, recycled, 
natural or biodegradable materials. Composites reinforced with natural fibers are in 
considerable demand in recent years and further play key role in the emerging green 
economy. Aim of this work is to examine the tensile behaviour of glass and jute fiber 
reinforced hybrid composite materials and to study the effect of e/d ratio on tensile strength. 
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INTRODUCTION 
Composite materials are manufactured by 
combining two or more dissimilar 
materials in a manner that the resultant 
material is endowed with exceptional 
properties to any of its original ones. 
Composites are used for structural, 
thermal, electrical, tribological and 
environmental properties and also these 
are most advanced and adaptable 
engineering materials. Progress in research 
in this field has given rise to these 
wonderful materials. A composite material 
can provide superior, unique and higher 
physical and mechanical properties, as it 
combines the properties of its constituent 
materials. These materials play a key role 
in industries as they exhibit superior and 
outstanding strength to weight and 
modulus to weight ratio. Because of the 
low specific gravity the strength/weight 
ratio and modulus/weight ratio of these 
materials are superior and convincing to 
those of metallic materials. Composite 
materials are constituted of two phases: the 
matrix and the reinforcement. Epoxy 
resins are widely and commonly used as 
matrix in many fiber reinforced 
composites; they are thermoset materials 
of particular interest to structural engineers 
owing to the fact that they provide a 
unique balance of chemical and 
mechanical properties along with wide 
versatility in processing. Within the 
common reinforcing materials, glass fibers 
are the most widely used in structural 
constructions because of its superior 
strength. The jute fiber tensile strength is 
very low, but after reinforcing with E-glass 
fiber the combined property will be 
improved greatly, as the fibers withstand 
the maximum loads and by consequence 
will raise the strength of the composite 
material. The tensile strength will increase 
as the number of material layers increase, 
a study by B Durga Prasad[1]. The 
mechanical properties of jute and glass 
fibers increases by incorporating the epoxy 
resin and increasing their tensile and 
impact strength. The Tensile strength of 
hybrid composite JGGJ is greater than 
GJJG composite laminate by 28.78% was 
conclude by Hashim Mohd Khan[2].The 
major limitation is their high moisture 
absorption and poor dimensional stability, 
which stops their successful use in long 
term applications. Their susceptibility to 
moisture absorption is the main cause of 
their poor mechanical properties as studied 
given by Asheesh Kumar[3].The test 
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results for tensile strength of hybrid 
composites (i.e. 37.5% of glass and 12.5% 
of jute fiber) shows the better tensile 
strength. From the results it is seen that the 
tensile strength of the composite increases 
with increase in glass fiber weight was 
concluded by S. Ramesh kumar[4]. The 
maximum tensile strength is observed in 
(GJJG) hybrid epoxy composite by Soma 
Dalbehera[5]. 
 
MATERIALS AND METHODS 
The raw materials used in the preparation 
of composites in this work are Jute Fibers, 
E-Glass, and Epoxy. Among the natural 
fibre reinforcing materials, jute is a 
promising material because it is relatively 
inexpensive and commercially available in 
the required form, also jute fiber possesses 
high specific strength and stiffness. 
 
 
Fig: 1. Jute plant & Jute fibers 
 
Properties such as electrical resistivity, 
density, ultimate tensile strength and 
modulus are related to the internal 
structure and chemical composition of 
fiber.  
 
Table: 1. Chemical Properties of jute 
fibers 
Fiber Type Jute (%) 
Cellulose 51-84 
Hemi cellulose 12-20 
Lignin 5-13 
Pectin 0.2 
 
Table: 2. Mechanical Properties Jute fiber 
Fiber Type Jute 
Density 1.4g/cm
3
 
Young’s Modulus 30Gpa 
Tensile Strength 400-800Mpa 
Percentage of elongation 1.8% 
Glass fiber is also used as a reinforcing 
material and agent for many polymer 
products; to form a very strong and light 
fiber-reinforced polymer (FRP) composite 
material called glass-reinforced polymers. 
Glass fiber manufactured from silicon with 
additional oxides possesses the high 
strength, good corrosion resistance and 
low price. 
 
Table: 3. Properties of E-glass fiber 
Fiber Type E-glass 
GSM 280gsm 
Density 2.85g/cm
3
 
Young’s Modulus 70-75Gpa 
Tensile Strength 3400-3500Mpa 
 
Epoxy resins are used in the production of 
glass fiber composites because of its 
wetting power and adhesion to glass fiber, 
low setting shrinkage, cohesion strength 
and adequate dielectric characteristics. The 
matrix material used was a medium 
viscosity epoxy resin LAPOX L-12 and a 
room temperature curing polyamine 
hardener (K-6), both manufactured by 
ATUL India Ltd, Gujarat, India. This 
matrix was chosen since it provided good 
resistance to alkalis and has good adhesive 
properties. 
 
Table: 4. Epoxy (Lapox-12 and K-6 
Hardner) 
Density 1.25g/cm
3
 
Modulus of Elasticity 5.0 Gpa 
Tensile Strength 73Mpa 
Maximum Elongation 4% 
Compressive strength 110-120 Mpa 
 
Hand layup Method: 
The fabrication of the various composite 
materials is carried out through the hand 
lay-up technique. Major advantage of 
Hand Layup technique is that it is a simple 
technique and utilizes low cost tooling. 
The fabrication process followed in this 
work for the preparation of the natural 
fibre reinforced composite material using 
jute and e-glass fibre is described below. 
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Fig: 2. Hand lay-up method. 
 
a) First glass fiber prepage and jute fiber 
prepage are cut down into a required 
dimension. Such as 250 X 300mm. 
b) Epoxy is prepared by using Lapox-12 
Resin and K-2 Hardener in a beaker. 
These are taken in a ratio of 10:1and 
mixed well for few minutes. 
c) For MC1 and MC2 specimen, weight 
fraction is same, so we take 4 layers of 
glass, 10 layers of jute, 400 mL of 
resin and 40 mL of Hardener. 
d) First we coat some amount of Vaseline 
to the plastic sheet to prevent sticking 
of composite to the plastic paper. 
e) As per the sequence, first 2 glass layers 
are layup on a plastic paper by 
applying epoxy to each of the glass 
layer. 
f) Upon glass layer, 10 layers of jute are 
lay by applying epoxy to each of the 
layer of jute. 
g) Then finally again 2 layers of glass are 
lay upon jute layers by applying epoxy 
to each of the layer of glass. 
h) But, in preparation of MC3 specimen, 
we place two layers of glass fiber in 
between five layers of jute. 
i) Again plastic sheet coated with 
Vaseline is placed on prepared 
composite material.  
j) The layers are rolled well on 
composite material to remove any air 
bubbles and ensure the resin is even.  
k) The composite prepared are placed 
under the cement blocks. 
l) Finally, we left the composite to cure 
for 24Hrs from the layup time.
 
Table: 5. Specimen Weight fraction 
 
Specimen Type 
 
Weight fraction of 
jute 
 
Weight fraction of 
glass 
 
Weight fraction of 
epoxy 
MC1 and MC2 2G+5J+2G+5J+2G 30% 10% 60% 
MC3 2G+5J+2G+5J+2G 
 
27% 
 
13% 
 
60% 
 
EXPERIMENTATION 
Tensile Test: Tensile strength is the stress 
at which a force applied causes the 
material to lengthen then break. Tensile 
testing is a fundamental materials test in 
which a sample is subjected to a controlled 
tension until failure. Properties that are 
directly measured with tensile test are 
ultimate tensile strength, breaking 
strength, maximum elongation and 
reduction in area. From these 
measurements the following properties can 
also be determined: Young’s modulus, 
Poisson’s ratio, yield strength, and strain 
hardening characteristics. For anuniaxially 
load material the breaking strength in 
tension is given by, Tensile strength= 
Force/Area, where Area=w*t. 
 
 
Fig: 3. Tensile Test 
 
RESULTS AND DISCUSSIONS 
The details of results and discussions 
obtained during testing of composites 
material are given below.  
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Table: 6. Tensile Strength of specimen 
Specimen Code 
Tensile Strength 
(N/mm
2
) 
MC1 
 
e/d=1.5 5.5 
e/d=2.0 8.8 
e/d=2.5 11.64 
MC2 e/d=1.5 8.16 
e/d=2.0 9.27 
e/d=2.5 9.12 
MC3 e/d=1.5 6.52 
e/d=2.0 9.36 
e/d=2.5 11.06 
 
From Table 6, we can observe that tensile 
strength of specimens at various e/d ratio. 
For MC1 specimen, as e/d ratio (edge 
distance/ diameter of hole) increases, 
tensile strength goes on increases by 
3N/mm
2
. Similarly for MC2 specimen, as 
e/d ratio increases tensile strength 
increases by approximately 1N/mm
2
.This 
is because in MC2 specimen d/t ratio 
(diameter of hole/thickness of specimen) is 
1. Since as d/t ratio increases tensile 
strength goes on decreases. In MC3 
specimen, percentage of glass fiber is 
increased by 3%, i e glass fiber layers are 
placed at the middle of specimen. Due to 
this tensile strength of specimen is 
increased approximately 1N/mm
2
 for 
every values of e/d ratio. 
 
Effect of e/d ratio on Load v/s 
Displacement for specimen MC1 
 
Fig: 4. Load v/s Displacement for 
specimen MC1 
 
Effect of e/d ratio on Load v/s 
Displacement for specimen MC2 
 
Fig: 5. Load v/s Displacement for 
specimen MC2 
 
From figure 4, 5, and 6 which shows Load 
v/s Displacement for specimens at various 
e/d ratios, we can observe that graph of 
specimen initiate at a particular load, 
propagates at constant load for a small 
distance, then displacement increases 
proportionally with applied load and stop 
at a particular stage. This proportionality 
in the displacement and load is due to 
bearing strength of specimen. Then finally 
graph starts declining with zig-zag 
formation due to breakdown of fibers and 
matrix. Since after a particular stage, crack 
initiate in the specimens at the edges of the 
hole and propagation takes place through-
out the specimen as further increase in 
load. Due to which breakdown of fibers 
and matrix takes place. And hence shows 
zig-zag formation in the graph. 
 
Effect of e/d ratio on Load v/s 
Displacement for specimen MC2 
 
Fig: 6. Load v/s Displacement for 
specimen MC3 
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From above graphs, we can also notice 
that as e/d ratio increases the ultimate load 
increase in every specimen. And also for 
every specimen of MC2 shows good 
proportionality between load and 
displacement as shown in figure 5. Very 
poor result can be noticed in MC1 and 
MC3 specimen at e/d ratio 1.5.  
 
CONCLUSION 
1. By incorporation of synthetic fibers 
(glass fibers) into a natural fibers (jute 
fibers) polymer composite, the tensile 
strength of specimens increases. 
2. Tensile strength of specimens 
increases by3 N/mm
2
by increasing e/d 
ratio. 
3. Due to incorporating glass fiber (3%) 
in the middle of the specimen, tensile 
strength is increased by 1N/mm
2
. 
4. Zig-zag formation in the graph is due 
to breakdown of fibers and matrix. 
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